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TITLE: WELL CASING WITH ANGLED PERFORATIONS 



SPECIFICATION 



m 
o 

Is! 



BACKGRO UND OF THF. INVENTION 



The invention relates generally to the reduction of flow resistance of fluids flowing from a 
CJ production zone and along a cased wellbore. 

£ Much attention and engineering has been performed to address the flow resistance that occurs 

q as a result of fluid flowing into a cased wellbore. Solutions to minimize the flow resistance 

g include such efforts as wellbore damage remediation, fracture stimulation, gravel packing and 

fU horizontal completions. All of these efforts attempt to address the flow resistance that occurs 

S 5 between the reservoir and the center of the wellbore. For a typical vertical well completion, 

this is the primary source of the flow resistance. However, for a horizontal well completion, 
under certain conditions, there is also relatively significant flow resistance along the axis of 
the wellbore, from the toe to the heel. 



The nature of the flow resistance that occurs within the horizontal completion is due to the 
ingress of fluid along the length of the horizontal wellbore. Usually, within the wellbore, due 
to low fluid velocities, fluids are flowing in the laminar regime. As a result the fluid flowlines 
run parallel to the axis of the wellbore. This of course, is a valid assumption in the casing 
with exception of the completion interval. 
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In the completion interval, fluid flows into and along the cased wellbore. The flow into the 
wellbore is generally radially inward, which is perpendicular to the flow direction of fluids 
within the wellbore. Phrased another way, the perfe through the casing open so that the perf 
axis points directly (normally) toward the longitudinal axis of the casing. The perfe are 
generally positioned along a 360 degree arc or band around the circumference of the liner at 
spaced apart longitudinal positions. The continuous ingress along the entire length of the 
wellbore completion interval prevents laminar flow and causes the fluid flow in the horizontal 
wellbore to resemble turbulent flow. However, this turbulent flow is not due to high fluid 
velocities, but rather, it is due to non-parallel flowlines. 

In conventional, vertical wells the flow resistance occurring along the length of the 
completion is assumed negligible because the typical length of the completion is usually on 
the order of 10's of feet. This compares to the 1000's of feet of casing between the wellhead 
and producing interval However, for horizontal wells, the length of the completion can be 
as long as the vertical depth of the well. It is common industry practice to have horizontal 
completions that are 100's to 1000's of feet in length. Due to this substantially longer 
completion interval, for a horizontal well in comparison to the vertical well, the flow 
resistance occurring along the length of the completion is no longer insignificant. 

The flow resistance along the length of the completion is sufficiently large to result in a non- 
uniform inflow of fluids along the length of the completion. An SPE (Society of Petroleum 
Engineering) Paper published in 1996 by Tang, Ozkan, Kelkar, Sarica and Yildiz shows the 
significance of this flow resistance. These findings are based on their work, which was 
organized as a joint industry project, titled: "Optimization of Horizontal-Well Completion II." 
As presented in the SPE paper, the fluid flow into the wellbore is non-uniform. The highest 
contribution of fluid is at the heel of the completion. The fluid rate at the heel is more than 
four times the fluid rate at the center of the completion and almost two times the fluid rate 
at the toe of the completion. This variation in fluid inflow is due to the flow resistance 



resulting from non-parallel flowlines within the wellbore. The fluid flow paths literally collide 
with each other within the wellbore, which results in the turbulent-like fluid flow behavior. 

A new perforation technique designed to minimize the flow resistance that occurs due to the 
confluence of flow into the wellbore would be very desirable. Such a technique would be 
expected to provide the greatest benefit for horizontal wells due to the length of their 
completions. However, the techniques would also be beneficial for vertical wells with long 
and/or commingled completions. 



SUMMARY OF THE INVENTION 



In one embodiment of the invention, there is provided a well for the production of 
hydrocarbons having a casing which has been perfed to provide low resistance to flow across 
the completion zone. The well comprises a well bore and a casing. The well bore extends 
into the earth from the surfiice of the earth into a hydrocarbon production zone. The well 
bore casing is positioned in the borehole and has a longitudinal axis, a generally annular cross 
section across the longitudinal axis, a wellhead end, a well bottom end, and a plurality of 
perforations opening through a sidewaU of the casing along a segment of the casing 
positioned in the hydrocarbon production zone. The perforations form plurality of flow paths 
from an outer surfece of the casing to an inner surface of the casing and are formed through 
the sidewall at an obtuse angle with respect to the longitudinal axis of the casing in the 
direction of the wellhead end so that substantially all hydrocarbon flowing from the 
hydrocarbon production zone and into the casing exits the perforations with a substantial axial 
velocity component toward the wellhead end of the casing. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic illustration of a casing segment in accordance with a preferred 
embodiment of the invention which is provided with perforations angled axialfy to reduce flow 
resistance due to influx across a completion interval of a well 

Figure 2 is a longitudinal section of a well segment in accordance with a preferred 
embodiment of the invention. 

DETAILED DESCRD?TION OF THE INVENTION 

The objective of the invention is to smoothly merge the influx flow streams with the cased 
weflbore flow stream so as to reduce the flow resistance along the perforated section of the 
welfoore casing. The invention employs a casing perfed for angled fluid influx to accomplish 
this. By perfed is meant provided with perforations or ports. In practice, the perforations are 
formed in situ using a perforation gun set up to perforating the casing and cement at the 
desired angle, or by down-hole milling. 

The perfe preferably open through the casing pointed directly toward the longitudinal axis 
of the tubular, angled in the direction of flow of wellbore fluids, so that fluid is emitted from 
the perf with an axial velocity component along the axis of the weflbore casing. Conventional 
practice would be to perforate the casing at a right angle from the wellbore axis. The angle 
(acute side) between the axis of the casing and the axis of the perf can range from 1 0 degrees 
to 80 degrees, usually between 20 degrees and 45 degrees, and all of the perfe point in the 
same direction, preferably at the same angle. The obtuse angle A shown in the drawing is 1 80 
degrees minus the acute angle. The design in cross section appears as a "herring bone" 
pattern. The situation can be analogized to merge ramps on a highway. Most highways have 
entrance and exit ramps that merge smoothly in to and out oftraffic. That is, the entrance and 
exit ramps are not perpendicular to the highway. As a result, with the exception of some 



courteous yielding, vehicles are capable of entering and exiting a highway without slowing 
down the speed of the other cars on the highway. 



For maximum effectiveness, the number of slanted perforations would need to be limited. In 
conventional vertical completions, it is common to have a perforation density of four shots 
per foot (spf). However, this density can be reduced to 1 or 1/2 spf for a horizontal well 
without significantly affecting the well's productivity, and under good formation conditions, 
can be even forther apart. By reducing the number of entry points for the flow into the 
wellbore, there is less interference of the fluid flowlines in the wellbore. Choosing the 
optimum perforation density requires balancing the tradeoff of maximizing reservoir access 
while minimizing the flow interference in the wellbore. 

Axial perfc will provide lower flow resistance per unit length of casing than normal perfs, all 
other things being equal How resistance per unit length along the perforated section of the 
casing can be further reduced by reducing the perf diameter, reducing the number of perfs per 
unit length, and incrementally changing the position of the axial perfs on the circumference 
of the casing between adjacent longitudinal positions, so as to bring in the influx flow streams 
through the perfs from locations around the entire periphery of the casing in a cyclical, 
crankshaft-layout-type fashion. Where the axial perfc are employed in groups, it is expected 
that the groups will be positioned in areas best described as circumferentially-extending strips 
or banks. 

The industry has devebped techniques designed to maximize the penetration and size of a 
perforation charge. The primary measures of perforation performance are defined as the 
depth of penetration and perforation tunnel diameter. In order to achieve the current state- 
of-the-art performance requires shooting the perforation charges at a right angle from within 
the wellbore. Changing the inclination of the perforation guns will influence the depth of 
penetration. 



Further details of prefe rred embodiment s 

The casing win generally have an inside diameter of from about 2 inches to about 1 5 inches 
(50 mm to 375 mm). The wall thickness of the casing can vary over a wide range, but will 
usually be in the range of about 5/64ths to 1 inch (2 to 25 mm). The perfs will generally have 
a diameter of less than about 30% of the casing inside diameter, usually less than 20% of the 
casing diameter, and frequently less than 1 0% of the casing diameter. Where the casing is set 
in cement, the perforations extend through the cement and into the formation. 

Where the perfi are deployed in banks, each bank will generally contain in the range of from 
1 to 20 perfs, usually in the range of from 2 to 12 perfs. The banks are preferably separated 
by a phase angle in the range of from about 30 degrees to about 1 80 degrees, usually in the 
range of from 45 degrees to 120 degrees, as measured between the centers of the banks, and 
a distance as measured longitudinally between the banks in the range of from 0.5 to 10, 
usually 1 to 5, times the inside diameter of the casing. 

A design consideration for the angled fluid influx casing is reducing the perforation 
diameter to allow greater control in terms of customizing the orientation and inclination of 
the openings in the casing. This greater control increases the ability to merge the influx flow 
streams with the wellbore flow streams. However, the invention is equally applicable to 
currently oil industry practices in terms of perforation diameters and phasing of the 
perforation holes. As a further measure of reducing flow resistance, clusters of perforations 
can be spaced apart from other clusters. The clusters of perforations can be spaced several 
feet apart, depending on reservoir characteristics, for example, every one to two feet, or 
more. The actual dimensions and relative position of the stream-perforations will depend on 
milling limitations, costs, laboratory tests and well specific data. The casing is preferably 
perforated only in locations positioned in the production zone. 



The casings of the invention can be used with conventional completion techniques as are well 
known by those skilled in the art. For example, the casing can be used in vertical, highly 



deviated or horizontal wells. However, the invention is expected to provide its greatest 
benefit when used in wells having a lengthy completion interval, such as in a horizontal well, 
or multiple completion intervals. 

While certain preferred embodiments of the invention have been described herein, the 
invention is not to be construed as being so limited, except to the extent that such limitations 
are found in the claims. 



CLAIMS 



What is claimed is 

1 . A well 2 for the production of hydrocarbons, comprising 

a well bore 4 extending into the earth from the surfece of the earth into a hydrocarbon 
production zone 6, and 

a well bore casing 8 positioned in the borehole, said well bore casing having a longitudinal 
axis, a generally annular cross section across the longitudinal axis, a wellhead end, a well 
bottom end, and a plurality of perforations 1 0 opening through a sidewall of the casing along 
a segment of the casing positioned in the hydrocarbon production zone which form plurality 
of flow paths from an outer surface of the casing to an inner surface of the casing, said 
perforations being formed through the sidewall at an obtuse angle A with respect to the 
longitudinal axis of the casing in the direction of the wellhead end so that substantially all 
hydrocarbon flowing from the hydrocarbon production zone and into the casing exits the 
perforations with a substantial axial velocity component toward the wellhead end of the 
casing. 

2. A well as in claim 1 further comprising 

a cement layer 12 which lines the wellbore at least across the hydrocarbon production zone, 
said cement layer being positioned between the well bore casing and the earth and being 
perforated by the perforations to permit hydrocarbon to flow from the earth, though the 
cement layer, into the well bore casing and to the surface of the earth. 

3. A well as in claim 2 wherein the cement is positioned in an annulus between the casing 
and the well bore. 



4. A well as in claim 1 which is highly deviated from vertical in the production zone. 

5. A well as in claim 1 wherein the well bore casing is substantially imperforate apart from 
the segment of the casing positioned in the hydrocarbon production zone. 

6. A well as in claim 1 in which the perforations have a diameter which is less than about 
30% of the casing diameter. 

7. A well as in claim 1 in which the perforations have a diameter which is less than about 
20% of the casing diameter. 

8. A well as in claim 1 in which the perforations have a diameter which is less than about 
10% of the casing diameter. 

9. A well as in claim 1 wherein the casing has an inside diameter, and the perforations are 
arranged in a series of longitudinally separated banks, and the longitudinally separated banks 
of perforations are separated by a longitudinal distance which is in the range of from about 
0.5 to about 10 times the inside diameter of the casing. 

1 0. A well as in claim 9 wherein the perforations are arranged in a series of circumferentially 
separated banks of perforations, each bank containing a portion of the plurality. 

1 1. A well as in claim 10 wherein adjacent banks are separated by an angle in the range of 
from about 30 degrees to about 180 degrees, as measured between bank centers through the 
longitudinal axis of the casing. 



12. A well as in claim 10 wherein adjacent banks are separated by an angle in the range of 
from about 45 to about 120 degrees, as measured between bank centers through the 
longitudinal axis of the casing. 

13. A well as in claim 1 wherein the obtuse angle with respect to the longitudinal axis of the 
casing is in the range of from about 100 to about 170 degrees. 

14. A well as in claim 1 wherein the obtuse angle with respect to the longitudinal axis of the 
casing is in the range of from about 135 to about 160 degrees. 
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ABSTRACT OF THE DISCLOSURE 



A completion casing for a well for the production of hydrocarbons is provided with angled 
perforations through the casing sidewall which reduce flow resistance along the length of the 
casing. 
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